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(54) SWITCHING POWER SUPPLY EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To use a rectifier 
having a small power loss and low withstand 
voltage by controlling the output voltage of an 
output terminal constant by changing the ratio 
of the on-state duration and the off-state 
duration of a first switching element. 
SOLUTION: A first and a second switching 
element Q1, Q2 respectively of this circuit are 
controlled so that while one element Is in an on- 
state, the other is in an off-state, except for 
short periods of time. By changing the ratio of 
the on-state duration of one switching element 
to the operating cycle, the output voltage is 
controlled to be constant. Therefore, the drain- 
source voltage of a synchronous rectifier 
MOSFET Q3, (Q4) always appears in either of 

the two switching elements 01, 02 except for short periods of time, thereby 
dnrving the circuit at all times. Furthermore, since a voltage waveform applied to 
03 and 04 is rectangular, the voltage will not rise abnormally high and therefore 
synchronous rectifier MOSFETs of low break down voltage and a small on-state 
resistance can be used. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Switching power supply equipment characterized by providing the following An input 
terminal which receives direct current voltage A transformer which has a primary winding and a 
secondary winding at least The first series circuit of the first choke coil and the first switching device 
which are connected between said input terminals The second series circuit of the primary winding of 
said transformer and the first capacitor which are connected between terminals of said first switching 
device, The third series circuit of the second switching device for constituting a path which passes a part 
of current of said first choke coil at a period when said first switching device is off, and the second 
capacitor, A rectifier circuit connected to a secondary winding of said transformer, and a filter circuit 
connected to said rectifier circuit, An output terminal which is connected to said filter circuit and outputs 
direct current voltage to a load, By detecting output voltage of said output terminal, making said first 
and second switching device tum on by turns so that another side may be off, when one side is ON, and 
changing a ratio of ON of the furst switching device, and a period of OFF A control circuit controlled to 
make output voltage of said output terminal regularity 

[Claim 2] Switching power supply equipment of claim 1 characterized by fixing clock firequency of a 
control circuit. 

[Claim 3] Switching power supply equipment of claim 1 characterized by using MOS-FET as the first 
switching device and second switching device, or claim 2. 

[Claim 4] Switching power supply equipment of claim 1 characterized by a secondary winding of a 
transformer consisting of the first secondary-winding portion and the second secondary- winding portion, 
claim 2, or claim 3. 
[Claim 5] 
(2) 

Switching power supply equipment of claim 1 characterized by preparing a tertiary winding in a 
transformer, claim 2, claim 3, or claim 4. 

[Claim 6] It is switching power supply equipment of claim 4 characterized by connecting so that it may 
constitute from MOS-FET for synchronous detection by which a rectifier circuit was connected to the 
first secondary-winding portion of a transformer, and the second secondary-winding portion, 
respectively, and said MOS-FET may be turned on by turns with induced voltage of a secondary 
winding of a transformer corresponding to it and fiill wave rectification of the output of a secondary 
winding of said transformer may be carried out, or claim 5. 

[Claim 7] Switching power supply equipment of claim 4 characterized by connecting so that it may tum 
on by turns corresponding to it and fiiU wave rectification of the output of a secondary winding of said 
transformer may be carried out, when it constitutes from diode for rectification by which a rectifier 
circuit was connected to the first secondary- winding portion of a transformer, and the second secondary- 
winding portion, respectively and the first and the second switching device tum on by tums, or claim 5. 
[Claim 8] Switching power supply equipment of claim 6 characterized by connecting the third series 
circuit between primary windings of a transformer, or claim 7. 
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[Claim 9] Switching power supply equipment of claim 6 characterized by connecting the third series 
circuit between terminals of the first switching device, or claim 7. 

[Claim 10] Switching power supply equipment of claim 6 characterized by connecting the third series 
circuit between secondary windings of a transformer, or claim 7. 

[Claim 1 1] Switching power supply equipment of claim 6 characterized by connecting the third series 
circuit between tertiary windings of a transformer, or claim 7. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
(3) 

[0001] 

[Field of the Invention] This invention relates to efficient-ization of switching power supply equipment. 
[0002] 

[Description of the Prior Art] The first example of the conventional circuit is shown in drawing 10 , and 
the second example of the conventional circuit is shown in drawing 1 1 . When drawing 10 is a general 
forward method and efficient switching power supply is constituted using this circuit (in the case [ An 
output especially 5 3.3 / V / like V a low battery ] of a high current), Since there is much power loss in 
the rectifier diode by the side of the secondary winding of a transformer (namely, DlOl, D102 of 
drawing 10 ), In order to use synchronous detection MOS-FET for instead of [ these ] in many cases and 
to make efficient switching power supply, it is one of the important problems how this synchronous 
detection MOS-FET is driven. Then, drawing 1 1 shows the example of a circuit instead of the 
aforementioned rectifier diode conventionally which used synchronous detection MOS and FET (Q102, 
Q 103 of drawing 1 1 ). Since the troubles of the circuit of drawing 10 using rectifier diode are a problem 
except how synchronous detection MOS-FET at the time of using aforementioned synchronous 
detection MOS-FET is driven, and a common problem as a rectifier circuit, explanation of a Prior art is 
given about drawing 1 1 using synchronous detection MOS-FET here. 

[0003] Drawing 12 is the voltage of each part of the circuit of drawing 1 1 , and the wave of current, and 
drawing 13 is property drawing of output voltage to the duty cycle (ratio of the "on" period to the period 
of a switching device QlOl of operation) of the circuit of drawing 11 . In drawing 12 , Tl is the period 
of a switching device QlOl of operation, Tonl is a "on" period and Toffl and Toff2 are "off* periods. 
Vgs (QlOl), Id (QlOl), and Vds (QlOl) are the gate driver voltage of a switching device QlOl, drain 
current, and the voltage between the drain sources, respectively, and V (Nl 1) is the voltage between 
terminals of the primary winding Nl 1 of a transformer TlOl . 
(4) 

If V (Nl 1) is observed, it will have generated, in order that the voltage V (hi) generated at the period of 
Toffl may reset only the part by which the transformer TlOl was excited at the period of ON of a 
switching device QlOl, and this will operate so that the time quadrature value of the voltage of a "on" 
period may become equal to the voltage time quadrature value of a "off period. 

[0004] Although the wave of Toffl period of voltage V (Nl 1) is determined by the excitation inductance 
of a transformer TlOl, the capacity between output terminals of a switching device QlOl, etc., when the 
output current to the voltage and the load of input power Vin changes, the voltage value of V (hi) and 
the time amount of Toffl and Toff2 also change at the same time the duty cycle of a switching device 
QlOl changes, in order to keep output voltage constant. Then, at the time of any I/O conditions, in order 
to make a "off period reset only the amount in which the transformer TlOl was excited by the "on" 
period, it is required to complete reset of a transformer TlOl and to always establish the period of ToffZ 
whose voltage between terminals of the primary winding Nl 1 is 0 volts with additional coverage. 
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(Although mentioned later, it is a big problem that it is necessary to enlarge this Toff2.) 

[0005] Vds (Q102) of drawing 12 is the voltage between the drain sources of synchronous detection 

MOS-FET (Q102) here - Vds (Q103) is the voltage between the drain sources of synchronous detection 

MOS-FET (Q103). Such voltage is the voltage from which the voltage of the "off period of the voltage 

V between terminals of the primary winding Nl 1 of a transformer TlOl (Nl 1) and a "on" period was 

changed by the tum ratio of the primary winding of a transformer, and a secondary winding, 

respectively. 

[0006] When it is going to realize efficient switching power supply equipment in the circuit of drawing 
11 , becoming a problem in the first place is the problem that cannot use the small thing of on resistance 
since synchronous detection MOS-FET and the voltage between the drain sources of Q 102 are large, but 
the power loss of a there becomes large, and the effectiveness of switching power supply falls, as shown 
in Vds (Q102) of drawing 12. That is, MOS-FET is general, although he wants to use the small thing of 
on resistance as this synchronous detection MOS-FET and Q 102 in order to attain efficient-ization of 
switching power supply (5). 

As **** orientation, on resistance becomes large like the high thing of pressure-proofing between the 
drain sources. Since the voltage of the "off period of the voltage V between terminals of the primary 
winding Nl 1 of a transformer T101(Nll)isthe resonance wave of the excitation inductance of a 
transformer T 101, or the capacity between the drain sources of a switching device QlOl, it serves as a 
curve of a sine wave, therefore the maximum of voltage is large. Furthermore, since this voltage changes 
a lot on I/O conditions, as this synchronous detection MOS-FET (Q102), on resistance cannot but use a 
big thing by big pressure-proofing. This problem is the same problem also in this synchronous detection 
MOS-FET and the example of the conventional circuit of drawing 10 which used rectifier diode DlOl 
instead of Q102. 

[0007] The problem of this synchronous detection MOS-FET and pressure-proofing of Q 102 is also a 
problem of the pressure-proofing of a switching device QlOl to coincidence. Although there is a method 
using the clamping circuit which consists of diode, a capacitor, and resistance between the terminals of 
the primary winding Nl 1 of a transformer TlOl in the first place as a conventional method for 
restricting this voltage to a certain voltage, although voltage is clamped by the predetermined value, 
since the excitation energy of a transformer TlOl is consumed by resistance of a clamping circuit, by 
this method, only that part has the problem that effectiveness falls, moreover, as the second conventional 
method of clamping this voltage, a tertiary winding is prepared in a transformer TlOl, and it connects 
witti input power Vin through diode - especially — ** - there is the method of constituting a clamping 
circuit, the power consumption according to that voltage drop although the great portion of excitation 
energy of a transformer is revived by input power Vin, when that regeneration current still flows the 
diode of this clamping circuit in case of this method - generating - that part - effectiveness - falling ~ 
it — fiuthermore, the coil of a transformer increases, a transformer becomes complicated greatly, and 
there is a problem that the flow loss by the tertiary winding of a transformer increases. 
[0008] Next, it is drawing 1 1 , and since there is a period of ToffZ of drawing 12, second becoming a 
problem when it is going to realize efficient switching power supply equipment is the problem that 
cannot drive synchronous detection MOS-FET and Q103 over between the whole term which the 
switching device QlOl tums off, but the effectiveness of switching power supply falls. (This is **** (6) 
about synchronous detection MOS and FET.) 

It is a characteristic problem at the time of**, and is the most important problem when making an 
efficient power supply. 

In the circuit of drawing 1 1 , in the "on" period of a switching device QlOl, synchronous detection 
MOS, and FET and Q103 tum off, Q102 tums them on in it, and the current of a choke coil LIO flows 
these Q102 to it. On the other hand, synchronous detection MOS-FET and Q102 tum off, Q103 tums 
them on, and the current of a choke coil LIO flows these Q103 at the "off period of a switching device 
QlOl. Here, synchronous detection MOS-FET and the gate terminal of Q 102 and Q103 are driven with 
the voltage of the secondary winding N12 of a transformer TlOl, respectively. That is, when one side 
tums on each synchronous detection MOS-FET, the voltage between the drain sources of synchronous 
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detection MOS-FET of tumed-off another side is used for the gate driver voltage for it. 
[0009] Then, although the off period of a switching device QlOl consists of Toffl and Toff2 Although 
it is possible to drive synchronous detection MOS-FET and Q103 since it has a value with the voltage of 
Vds (Q102) at the period of Toffl so that the wave of Vds (Q102) of drawing 12 may show Since the 
voltage of Vds (Q102) is 0 volts at the period of Toff2, Q103 cannot be driven. Then, Q103 turns off at 
the period of this ToffZ, and the current of a choke coil LIO flows the body diode (it is the diode which 
is in close parasitically toward a drain terminal from a source terminal because of the element structure 
of MOSFET) of Q 103 in the meantime, a voltage drop when synchronous detection MOS-FET and 
Q103 turn on the voltage drop in this body diode at this time - comparing - markedly - ****** - a 
sake - this Toff2 -- the power loss of a period will increase and the effectiveness of switching power 
supply will be reduced. 

[0010] It is the problem of the choke coil of an output filter becoming large since third becoming a 
problem has large output ripple voltage, the iron loss and copper loss of the choke coil increasing if this 
puts in another way and it is going to hold down output ripple voltage to a regular value with the choke 
coil of fixed magnitude, and reducing the effectiveness of switching power supply equipment indirectly. 
(7) 

In drawing 12 , Vds (Q103) shows the voltage between synchronous detection MOS-FET of drawing 
11 , and the drain source of Q103, this is also voltage [ of P points ] V (P) of drawing 1 1 , this voltage is 
equalized with an output filter (LIO, CIO), and the voltage except an alternating current component tums 
into output voltage. It is the output voltage which Vout showed in Vds (Q103). That is, this voltage and 
output voltage (voltage between terminals of a capacitor CIO) of Vds (Q103) are impressed between the 
terminals of the choke coil LIO of an output filter, respectively, with this difference voltage, the ripple 
current component of current which flows the choke coil LIO as shown by I (LIO) is determined, and the 
near value of output ripple voltage is determined by the product of this ripple current and the equivalent 
series resistance of the capacitor CIO of an output filter. 

[001 1] Although drawing 13 is property drawing of output voltage to the duty cycle of the circuit of 
drawing 1 1 , since output voltage is proportional to a TEYU tee cycle as shown in this property drawing, 
generally, I/O conditions are the places of rating and it will carry out a setup of the duty cycle soon 0.5. 
In the wave of Vds (Q103) of drawing 12, a 0-volt period (namely, sum of the period of Toffl and the 
period of Toff2) compares with the whole period (namely, period of Tl). About 50% A certain sake, 
Output ripple voltage becomes large, if this puts in another way and it is going to hold down output 
ripple voltage to a regular value with the choke coil of fixed magnitude, the iron loss and copper loss of 
the choke coil will increase, and it will become the problem of reducing the effectiveness of switching 
power supply equipment indirectly. 
[0012] 

[Problem(s) to be Solved by the Invention] When it is going to constitute efficient switching power 
supply, as the term of the aforementioned Prior art explained, there is much especially power loss in the 
rectifying device which constitutes the secondary rectifier circuit of a transformer, and it is a big 
technical problem how this power loss is reduced. Although many technique of reducing that flow loss, 
especially using synchronous detection MOS-FET as this rectifying device is used recently, it is an 
important problem how this synchronous detection MOS-FET is made to drive effectively also in this 
case. 
(8) 

Then, the purpose of this invention circuit is offering the circuit which this is driven [ circuit ] over 
between the whole term and realizes efficient switching power supply equipment, when it makes it 
possible to use the rectifying device of little low pressure-proofing of this power loss and synchronous 
detection MOS-FET is used especially as a rectifying device. 
[0013] 

[Means for Solving the Problem] An input terminal with which switching power supply equipment of 
this invention for attaining the above-mentioned purpose receives direct current voltage. The first series 
circuit of a transformer which has a primary winding and a secondary winding at least, and the first 
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choke coil and the first switching device which are connected between said input terminals, The second 
series circuit of the primary winding of said transformer and the first capacitor which are connected 
between terminals of said first switching device, The third series circuit of the second switching device 
for constituting a path which passes a part of current of said first choke coil at a period when said first 
switching device is off, and the second capacitor, A rectifier circuit connected to a secondary winding of 
said transformer, and a filter circuit connected to said rectifier circuit, An output terminal which is 
connected to said filter circuit and outputs direct current voltage to a load, By detecting output voltage of 
said output terminal, making said first and second switching device turn on by tums so that another side 
may be off, when one side is ON, and changing a ratio of ON of the first switching device, and a period 
of OFF It is characterized by having a control circuit controlled to make output voltage of said output 
terminal regularity. 

[0014] The second feature of this invention is having used MOS-FET as an upstream switching device 
of a transformer, as shown in drawing 1 , and having made a secondary rectifier circuit into a 
synchronous detection circuit. 

[0015] The third feature is in a point of having connected the third series circuit of the second switching 
device and the second capacitor between primary windings of a transformer. 

[0016] The fourth feature of this invention is the first switching device (9) about the third series circuit, 

as shown in drawing 6 . 

It is having connected between ******. 

[0017] The fifth feature of this invention is having connected the third series circuit between terminals 
of a secondary winding of a transformer, as shown in drawing 8 . 

[0018] The 6th feature of this invention prepares a tertiary winding in a transformer, as shown in 
drawing 9 , and it is in a point of having connected the third series circuit between this tertiary winding. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained using a drawing 
below. Drawing 1 is the first example of this invention circuit. Drawing 2 is the voltage of each part of 
the circuit of drawing 1 , and the wave of current, drawing 3 is property drawing of output voltage to the 
duty cycle (ratio of the "on" period to the period of a switching device Ql of operation) of the circuit of 
drawing 1 , and drawing 4 is drawing for the explanation of operation. 

[0020] In drawing 1 , Vin is input power, 2a and 2b are input terminals, and LI is the first choke coil. 
Ql and Q2 They are the first and the second switching device, respectively. CI and C2 It is the first and 
the second capacitor, respectively and they are T, and Nl and Na. Nb They are a transformer, the 
primary winding and the first secondary-winding portion, and the second secondary-winding portion, 
respectively. Q3 and Q4 They are first synchronous detection MOS-FET and second synchronous 
detection MOS-FET, respectively. L2 and Cout It is the second choke coil and third capacitor which 
constitute the output fiher, respectively, 16a and 16b are output terminals, 17 is a load, and 18 is a 
control circuit. 

[0021] Next, circuit actuation of drawing 1 is explained using drawing 2 which is the voltage of each 
part, and the wave of current. Setting to drawing 2 , for the period of a switching device of operation, 
and TonSl, the period of ON and Ton32 are [ T31 / the first switching device Ql / the second switching 
device Q2 ] the period of ON, and TofBl and Tof (10), 

Although f32 is the period of OFF of both the first and the second switching device, these TofBl and 
Toff32 are a period for preventing switching devices' Ql and Q2 tuming on in coincidence, and the 
series circuit of the first and the second capacitor CI and C2 connecting too hastily, and they are good at 
a necessary minimum value in consideration of the time delay at the time of switching of switching 
devices Ql and Q2 etc. Moreover, Vgs (Ql) and Vgs (Q2) are the gate driver voltage waves of 
switching devices Ql and Q2, respectively. When the first switching device Ql and second switching 
device Q2 are controlled so that one side tums off another side at the period of ON and another side 
tums off one side except for the short period of TofGl and Toffi2 at the period of ON, and while 
changes the ratio (duty cycle) of the "on" period of a switching device to the period T31 of operation, 
constant- voltage control of output voltage Vout is performed so that these waves may show. 
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[0022] In drawing 2 , 1 (LI) is current which flows the first choke coil LI. Next, I (Nl) and V (Nl) They 
are the current which flows the primary winding Nl of Transformer T, respectively, and the voUage 
between the terminal. I (Ql) and I (Q2) It is current which flows the first and the second switching 
device Ql and Q2, respectively. Vds (Q3) and Vds (Q4) It is the first, second synchronous detection 
MOS-FET, and the voltage between the drain sources of Q3 and Q4, respectively, and V (R) is the 
voltage of R points and I (L2) is current which flows the second choke coil L2 of an output filter. 
[0023] Next, before explaining the voltage current wave form of each part of drawing 2 , in order to help 
the imderstanding, drawing 4 (a), (b), and (c) are used, and the outline of the circuit of drawing 1 is 
explained. That is, it is possible that the circuit of drawin g 1 serves as actuation of both circuits 
indicated to be (a) of drawing 4 to (b). Here, in the circuit of drawing 1 , since the first switching device 
Ql turns off the second switching device Q2 at the period of ON and the first switching device Ql tums 
it on at the period of OFF, the actuation of this second switching device Q2 of it is the same as actuation 
of the commutation diode D21 of the pressure-up chopper circuit shown in drawin g 4 (c). Then, the 
circuit of drawing 4 (a) can be transposed to the circuit of drawing 4 (c), and can be considered. That is, 
the circuit of drawing 4 (a) can be called configuration of a pressure-up chopper circuit. On the other 
hand, the series circuit of the first and the second capacitor CI and C2 in the circuit of drawing 4 (b) is 
** (1 1) about a certain direct current voltage, whenever it enlarges the value of CI and C2 enough. 
By that of**, the half bridge circuit which makes between the terminal input power can be considered. 
[0024] actuation of the circuit of drawing 1 is actuation of the pressure-up chopper circuit shown by 
drawing 4 (a), fi"om input power Vin, it is actuation of the half bridge circuit which shows power to the 
series circuit of the first and the second capacitor CI and C2 in delivery, it, simultaneously drawing (b), 
and it is thought that power is supplied to the load (17) from the series circuit of this first and second 
capacitor CI and C2. (Quantitive analysis is mentioned later.) It is here, and by pressure-up chopper 
actuation as the first and the second capacitor CI and C2 indicate that mentioned above in the circuit of 
drawing 4 (a), it always has a certain direct current voltage, and is moving. Moreover, the half bridge 
circuit shown by a diagram (b) is changing and controlling the ratio of the "on" period of the first 
switching device Ql to the period T31 of operation. 

[0025] Next, the voltage current wave form of each part of drawing 2 is explained. First, current as 
shown in the first choke coil LI by I (LI) is flowing toward the first switching device Ql at the period 
(Ton31) of ON of the first switching device Ql from input power Vin. The inclination of this current has 
the value of Va/La, when the inductance of Va and the first choke coil LI is set to La for the voltage of 
input power Vin. On the other hand to the primary winding Nl of Transformer T, current as shown by I 
(Nl) is flowing toward the first switching device Ql from the first capacitor CI. (The sense of the 
current which flows at this period is considered as plus.) The value of the current which flows the 
primary winding Nl of this transformer T adds the exciting current of Transformer T to the current of 
the value which converted into the upstream of a transformer the current which flows the second choke 
coil L2 of an output filter by the turn ratio of Transformer T. So, in the first switching device Ql, the 
current of the sum of the current which flows the first aforementioned choke coil LI, and the current 
which flows the primary winding Nl of Transformer T flows. This serves as a current wave form as 
shown in I (Ql) of drawing 2 . 

[0026] Next, in the period (Ton32) of ON of the second switching device Q2, it is the first choke coil L 
(12). 

To 1, current as shown by I (LI) is flowing toward the second switching device Q2 from input power 
Vin. (This is the pressure-up chopper circuit of drawing 4 (c), and the first switching device Ql tums it 
off) the current which flows the first choke coil LI is equivalent to flowing diode D21. The inclination 
of this current has the value of (Va-Vb)/La, when voltage in which the series circuit of La, the first, and 
the second capacitor CI and C2 has the inductance of Va and the first choke coil LI for the voltage of 
input power Vin is set to Vb. Moreover, the current which flows the first choke coil LI at this time 
passes along the second switching device Q2, passes along the second capacitor C2, the first capacitor 
CI, and input power Vin, and flows in the path which returns to the first choke coil LI. 
[0027] On the other hand, current as shown in the primary winding Nl of Transformer T by I (Nl) is 
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flowing at the period (Ton32) of ON of this second switching device Q2. From the second capacitor C2, 
this passes along the second switching device Q2, passes along the primary winding Nl of Transformer 
T, and is flowing in the path which retums to the second capacitor C2. The value of the current which 
flows the primary winding Nl of this transformer T adds the exciting current of Transformer T to the 
current which converted into the upstream of a transformer the current which flows the choke coil L2 of 
an output filter by the turn ratio of Transformer T like the period (Ton31) of ON of the first switching 
device Ql. then, the second switching device Q2 at the period of ON The flowing current I (LI) the first 
choke coil LI The current I (Nl) which flows toward a drain terminal fi'om the source terminal of the 
second switching device Q2, and flows the primary winding Nl of Transformer T Since it flows firom 
the drain terminal of the second switching device Q2 toward a source terminal to the aforementioned I 
(LI) and the reverse sense, to the second switching device Q2 The current of the difference of the 
current I (LI) which flows the first aforementioned choke coil LI, and the current I (Nl) which flows 
the primary winding Nl of Transformer T flows. This serves as a current wave form as shown in I (Q2) 
of drawing 2. 

[0028] Next, although the voltage between terminals of the primary winding Nl of Transformer T is 
shown, since the first switching device Ql turns on the voltage of the period of Ton31 of this wave, V 
(Nl) of drawing 2 is the first (13). 

it is equivalent to the voltage between terminals of the ** capacitor CI ~ Ton32 Since the second 
switching device Q2 turns on the voltage of a period, it is equivalent to the voltage between terminals of 
the second capacitor C2. Vds (Q3) and Vde (Q4) are synchronous detection MOS-FET of drawing 1, 
and the voltage between the drain sources of Q3 and Q4, respectively, and such voltage is the gate driver 
voltage of synchronous detection MOS-FET of another side, respectively. Moreover, V (R) is the 
voltage waveform of R points, and I (L2) is the current wave form where the second choke coil L2 of an 
output filter is flowed. Moreover, these waves of Vds (Q3) and Vde (Q4) It is the period of Ton31, and 
Ton32, respectively. The voltage V between terminals of the primary winding Nl of the transformer T 
of a period (Nl) It is the voltage changed by the primary winding Nl of Transformer T, and the tum 
ratio of the first secondary- winding portion Na (or second secondary- winding portion Nb), and voltage 
[ of R points ] V (R) is described above. It is the wave which applied the voltage waveform of Vds (Q3) 
and Vde (Q4). 

[0029] In the wave of V (R), Vout shows the output voltage in an output terminal (16a, 16b). This 
voltage V (R) and output voltage Vout of R points are impressed between the terminals of the second 
choke coil L2 of an output filter, and the ripple current as shown in I (L2) flows. That ripple current 
value. By the product with the equivalent series resistance of the third capacitor Cout of an output filter, 
the ripple voltage of the value determined about occurs in output voltage. 

[0030] Since synchronous detection MOS-FET shown by Vds (Q3) and Vde (Q4) of drawing 2 and the 
voltage between the drain sources of Q3 and Q4 have always occurred in either except for the short 
period of Tof£3 1 and Toff32, the first example of drawing 1 does not have the problem that the period 
which cannot drive synchronous detection MOS and FET will become long, so that clearly fi-om the 
above explanation. Moreover, since the voltage waveform impressed to synchronous detection MOS, 
and FET, Q3 and Q4 is a rectangle as the wave of Vds (Q3) and Vde (Q4) also shows, the voltage does 
not rise unusually (in the conventional example of a circuit, since it was a resonance wave, it became a 
problem), and can use small synchronous detection MOS-FET of on resistance by low pressure- 
proofing. 

[0031] Next, the duty cycle of drawing 1 shown in drawing 3 (** of the main-switch element Ql (14)) 
The property of output voltage over the ratio of the "on" period to ****** is explained. In drawing 1 tiie 
voltage of input power Vin Va, the first and the second switching device. The duty cycle (ratio of the 
"on" period to the period of a switching device of operation) of Ql and Q2, respectively D, It is referred 
to as 1-D. The voltage between terminals of the first and the second capacitor CI and C2, respectively V 
(CI), It is referred to as V (C2), and the primary winding Nl of Transformer T and a tum ratio with the 
first secondary-winding portion Na (or second secondary- winding portion Nb) are set to n:l. If the first, 
second synchronous detection MOS-FET, and voltage between each drain sources of Q3 and Q4 are set 
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to Vds (Q3) and Vds (Q4) and output voltage in an output terminal (16a, 16b) is set to Vout, a degree 
type will consist of the circuitry of a pressure-up chopper shown by drawin g 4 (a). (However, in the 
numerical analysis after this, the voltage drop at the time of the first, the second switching device Ql 
and Q2 and the first and second synchronous detection MOS-FET, and the flow by Q3 and Q4 and the 
period of Toff31 and Toff32 which both the first and the second switching device Ql and Q2 turn off 
are disregarded as a very small thing.) 
[0032] 
[Equation 1] 

V (CI) + V (C2) = Va/ (1-D) 

[0033] Moreover, since the amount by which the first switching device Ql is excited about actuation of 
the core (magnetic substance) of Transformer T at the period of ON has the second switching device Q2 
equal to the amount reset at the period of ON, a degree type is realized. 
[0034] 
[Equation 2] 

V (CI) X D = V.(C2) X (1-D) 

[0035] A degree type is drawn from several 1 and several 2. 
[0036] 

[Equation 3] 

V (CI) ^ Va 



[0037] 
[Equation 4] 

V (C2) = VaX D/ (1-D) 
(15) 

[0038] Moreover, since the voltage between the drain sources when the first, second synchronous 
detection MOS-FET, and Q3 and Q4 turn off is the voltage which changed the voltage between 
terminals of the first and the second capacitor CI and C2 by the turn ratio of Transformer T, 
respectively, a degree type is reahzed. 
[0039] 
[Equation 5] 

Vds (Q3) - V (CI) /n = Va/n 



[0040] 
[Equation 6] 

Vds (Q4) =• V (C2) /n 

= Va X D/ { (1 -D) X n } 



[0041] Moreover, the output voltage in an output terminal (16a, 16b) is the value which equalized the 
voltage of R points with the output filter, and since this voltage of R points is the voltage which added 
Vds (Q3) and Vds (Q4) which are the aforementioned first, the second synchronous detection MOS, and 
the voltage between drain source terminals of FET, Q3, and Q4, a degree type will be realized if a 
switching period is set to To. 
[0042] 
[Equation 7] 
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Vout = V;-r'v(R)dt . 



-V'iO TO 

yds <Q3)dt+l yds «J4)dt} 
^0 *D-To' * 



= DXVds (Q3) + (1 - D) XVds (Q4) 
= 2X Va X D/n 

[0043] From several seven, in the circuit of drawing 1 , it turns out that it is proportional to a duty cycle 
D (ratio of the "on" period to the period of a switching device Ql of operation), and output voltage Vout 
will become like drawing 3 , if this is illustrated. 

[0044] Here, both Vds(es) (Q3) and Vds(es) (Q4) that I/O is able to set a duty cycle as 0.5 on condition 
that rating since the output characteristics of drawin g 3 are proportionality properties, and are the first, 
second synchronous detection MOS-FET, and the voltage between the drain sources of Q3 and Q4 at 
this time are from several 5 and several 6. Va / n It tums out that it becomes. Then, since it changes 
considering this value as a center also to change of I/O conditions with a square wave, there is no 
necessity that especially pressure-proofing uses the large, large thing of on resistance as synchronous 
detection MOS-FET, like the example of a circuit before. 
(16) 

That the voltage of Vds (Q3) and Vds (Q4) is the same Furthermore, (since the number of tums of 
Transformer T are an integer in fact, it shifts a little). Even if I hear that change of voltage [ in R points ] 
V (R) is very small, and it is, and the voltage of the period of Ton32 is the same as the voltage of the 
period of Ton31 or differs from each other, since the difference is very small As the result, the second 
choke coil L2 of an output filter becomes small, the power loss in the choke coil L2 decreases, and 
effectiveness of switching power supply can be made high. (Although it counts also upon fluctuation of 
I/O conditions in fact and an output filter is designed, it can be made still quite small.) As for the above 
analysis result, the validity is checked also by experiment. 

[0045] Moreover, I of drawing 2 (Nl) Although the current which flows the primary winding Nl of 
Transformer T is shown and it is Generally by adjusting suitably TofBl and Toff32 which are the 
period which both switching devices tum off, since Transformer T has leakage inductance After one 
switching device tums [ the current which was flowing ] off this leakage inductance, before the 
switching device of another side tums on, the parasitic capacitance between the drain sources of the 
switching device of this another side can be made to be able to discharge, and the so-called actuation of 
ZVS can be carried out. Consequently, the energy stored in the parasitic capacitance between the drain 
sources of a switching device can be collected, and the effectiveness of switching power supply can be 
gathered. 

[0046] It sets in the circuit of drawing 1 so that clearly from the above explanation. The short period of 
TofDl and Toffi2 is removed for synchronous detection MOS-FET, and Q3 and Q4. Are always 
driving either (synchronous detection MOS-FET of the side to which the current which flows the second 
choke coil L2 of an output filter flows is driven), and since the voltage between those drain sources is 
low Since what has on resistance small pressure-proofing and small can be used and an output filter is 
made small, there is also little power loss of a there. Switching power supply equipment efficient as the 
result can be made. 
[0047] 
(17) 

Moreover, in the circuit of drawing 1 , although an N-channel metal oxide semiconductor and FET are 
used for the first and the second switching device Ql and Q2, circuit actuation is also completely the 
same [ switching device ] as when, as for these, either or both use a P channel MOS and FET. 
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[0048] Moreover, even if IGBT is used for the aforementioned first and the second switching device Ql 
and Q2, for example, without limiting to MOS-FET, they are completely the same. [ of circuit 
actuation ] 

[0049] Moreover, in the circuit of drawing 1 , although the role of Ql and Q2 interchanges even if it 
connects the series circuit of the first choke coil LI with input power Vin but [ not between the drain 
source terminals of the first switching device Ql ] between the drain source terminals of the second 
switching device Q2 since the first and the second switching device Ql and Q2 have a symmetric 
position relation, other circuit actuation is the same. 

[0050] Moreover, in the circuit of drawing 1 , although the rectifier circuit connected to the secondary 
winding Na of Transformer T or Nb is a full wave rectifier circuit by two rectifying devices, the same 
effect is acquired even in the full wave rectifier circuit which this is not limited to this configuration, and 
the same effect was acquired even in the half wave rectifier circuit using one of two rectifying devices as 
an object for fi-ee foil, and was constituted from four rectifying devices in the bridge type. 
[0051] Next, in the circuit of drawing 1 , the first, second synchronous detection MOS-FET, and the 
drive method of Q3 and Q4 are described. Although the first in the circuit of drawing 1 , second 
synchronous detection MOS-FET, and Q3 and Q4 are driving the gate terminal with the voltage between 
the drain sources of synchronous detection MOS-FET of another side, respectively, the same effect will 
be acquired if the drive method of this gate terminal is voltage obtained from the coil of not only the 
method shown in drawing 1 but the transformer T. An example of other drive methods of synchronous 
detection MOS-FET is shown in drawing 5 . Here, circuit actuation of drawdng 5 is completely 
equivalent to circuit actuation of drawing 1 about the drive method of synchronous detection MOS-FET. 

(18) 

[0052] Next, the tie-in point of the third series circuit of the second switching device Q2 and the second 
capacitor C2 is described. Although it connects between the terminals of the primary winding Nl of 
Transformer T in the first example of the circuit of drawing 1 , it connects between the terminals of the 
first switching device Ql in the second example of this invention circuit of drawing 6 . Explanatory 
drawing of drawing 7 explains this difference. Although both of (b)s and (b)s are half bridge circuits and 
it corresponds to the first example and second example of this invention circuit in drav^ng 7 , 
respectively Here the series circuit of the second switching device and the second capacitor If it is Q2, 
C2, and Q52 and C52, CI 00 shown in (b) is assumed here, respectively and C52 of (b) will be used as a 
capacitor with capacity value equivalent to the series circuit of CI and C2 of (b) The capacitor C52 of 
(b) is placed with the capacitor CI 00 of the same capacity value as C2, and ** is possible for it. That is, 
drawing 6 which is the second example can be said to be that the same effect as the first example of 
drawing 1 is acquired. 

[0053] Next, although drawing 8 and dravying 9 are the third example at the time of connecting the 
series circuit of the second aforementioned switching device Q62 and the second capacitor C62 between 
the terminals of the secondary winding of a transformer, and the fourth example at the time of 
connecting between the terminals of the tertiary winding N3 of Transformer T, respectively Both of 
these are the tum ratios of a transformer, can be changed into the upstream of a transformer and become 
the same as the first example of this invention of drawing 1 in an equal circuit. That is, the third and the 
fourth example which are shown in drawing 8 and drawing 9 can be said to be that the same effect as the 
first example of drawing 1 is acquired. 
[0054] 

[Effect of the Invention] In this invention circuit, it is possible to always drive synchronous detection 
MOS-FET, and Q3 and Q4 except for the short period of TofOl and Tof02, what has on resistance 
small [ as synchronous detection MOS-FET, and Q3 and Q4 ] pressure-proofing and small can be used, 
and an output filter can also be made small so that clearly fi-om the above explanation. Switching power 
supply equipment efficient as the result can be made. For this, output voltage is low (for example (19)) 
by communication link etc. 

An effect is large especially when making the efficient large switching power supply of 5V or the 3.3V 
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output output current. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 9] 
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[Drawing 10] 
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[Translation done.] 
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